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ABSTRACT
BACKGROUND: The efficacy of anti-thyroid drugs in conjunction with radioactive iodine therapy in the
management of Graves' disease is still controversial.
OBJECTIVE: To compare the efficacy of pretreatment with methimazole before the administration of ra-
dioactive iodine for the treatment of Graves'disease.
DESIGN AND SETTING: A systematic review and meta-analysis was conducted at a teaching/tertiary hos-
pital in Ibadan, Nigeria.
METHODS: A systematic search of the PubMed, Embase, Cochrane Library, and Web of Science databases
was performed from inception to December, 2021.
RESULTS: Five studies with 297 participants were included. There was no difference in the risk of per-
sistent hyperthyroidism when radioactive iodine was used in conjunction with methimazole compared
with when radioactive iodine was used alone (relative risk: 1.02, 95% confidence interval, Cl: 0.62-1.66;
P =0.95, I>’= 0%). Subgroup analysis based on the duration between discontinuation of methimazole and
the administration of radioactive iodine showed a lower risk of persistent hyperthyroidism when methim-
azole was discontinued within 7 days before radioactive iodine use, although this did not reach statistical
significance (risk ratio: 0.85, Cl: 0.28-2.58).
CONCLUSIONS: The use of methimazole before radioactive iodine administration was not associated with
an increased risk of persistent hyperthyroidism. Concerns about medication toxicity and adverse effects
should be considered when clinicians make decisions on combination therapies for the treatment of
Graves'disease.
PROSPERO REGISTRATION: CRD42020150013, https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=150013.

INTRODUCTION

Graves’ disease is an immune system disorder that results in an unregulated and overproduc-
tion of thyroid hormones due to circulating antibodies in the blood.!* The antibodies produced
bind to the thyrotropin receptor and activate glandular function, resulting in hyperthyroid-
ism.? Graves’ disease leads to major cardiovascular and psycho-cognitive complications if left
untreated, thus contributing to significant morbidity and mortality.**

As a leading cause of hyperthyroidism worldwide with an incidence of 30 cases per
100,000 persons per year in the United States, it is imperative to understand the pathophys-
iology and treatment modalities for the management of Graves’ disease.>’” According to the
2016 American Thyroid Association guidelines for the diagnosis and management of hyper-
thyroidism and other causes of thyrotoxicosis, patients with overt Graves” hyperthyroidism
should be treated with any of the following modalities: radioactive iodine therapy, anti-thy-
roid drugs, and thyroidectomy.’

In the United States, radioactive iodine therapy (RAI) has been the most preferred therapy
by physicians, with 59.7% of clinical endocrinologists opting for this as the primary therapy for
an uncomplicated case of Graves’ disease.® There has also been an increasing trend toward the
use of anti-thyroid drugs (ATD), as this is the preferred first-line treatment for Graves’ disease

5,10-13

by thyroidologists in Europe, Latin America, and Japan. However, a network meta-analysis

has suggested higher relapse rates with ATDs (52.7%) than with RAI (15%).?
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Although there is widespread and accepted use of radioactive
iodine and anti-thyroid drugs individually, there is no consensus
regarding their use in conjunction.' It has been noted in the liter-
ature that following radioiodine therapy, an acute rise in thyroid
hormone levels could occur, thus triggering a clinical exacerbation
of symptoms.'>” It has also been postulated that anti-thyroid med-
ications such as methimazole could have radioprotective attributes
and are thus beneficial for patients receiving radioactive iodine
therapy.'®" While some authors have explored the use of adjunct
anti-thyroid drugs before radioactive iodine therapy,>'*2° others
prefer the use of anti-thyroid medications continuously during
radioactive iodine'*”” and after radioactive iodine treatment.”*

The varying study designs (retrospective studies, narrative
reviews), disease population (toxic multinodular goiter, toxic ade-
noma), interventions (use of carbimazole and propylthiouracil), and
the interval between therapies (use of ATD before, during, or after
RALI) in the established literature produce considerable heterogene-
ity, which makes it difficult to reach a conclusion on the efficacy of

anti-thyroid drugs in conjunction with radioactive iodine therapy.

OBJECTIVE

We conducted a systematic review and meta-analysis of random-
ized controlled trials to evaluate the efficacy of treatment with
methimazole before the administration of radioactive iodine
compared to the use of radioactive iodine therapy alone for the

treatment of Graves' disease.

METHODS

Search strategy

The PubMed, Embase, Cochrane Library, and Web of Science
electronic databases were searched for randomized controlled
trials comparing adjunctive anti-thyroid drug use with radioac-
tive iodine therapy versus radioactive iodine only in the treat-
ment of Graves' disease, from inception to December, 2021. The

»

search terms included “Hyperthyroidism,” “Radioactive iodine,”
and “Antithyroid drugs” There were no restrictions on language
or publication period. The searches were rerun immediately
before the final data extraction and analyses, with further studies

retrieved for inclusion.

Study identification and selection

The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses® was used as a guide for the identification and selection
of studies (Figure 1).Two investigators independently screened
and reviewed the titles and/or abstracts retrieved using the
search strategy to identify titles that potentially met the inclusion
criteria. The full texts of these potentially eligible studies were

retrieved and independently assessed for eligibility by the two

review team members. Disagreements between the two over the
eligibility of the selected studies were resolved through consensus
with a third reviewer.

Randomized clinical trials that compared adjunctive anti-thy-
roid medications with radioactive iodine therapy were deemed eli-
gible for an in-depth review. Subsequently, 20 full-text articles were
assessed for eligibility. Randomized clinical trials that evaluated
initial treatment with methimazole before the administration of
radioactive iodine therapy, regardless of the duration of treatment,
were selected for final data extraction. We excluded studies that
utilized anti-thyroid medications other than methimazole (such as
carbimazole propylthiouracil) and those that administered methi-
mazole either continuously or post-radioiodine therapy. We also
excluded studies that incorporated other causes of hyperthyroid-
ism, such as toxic multinodular goiter, because the focus was on
Graves hyperthyroidism. This systematic review was specified in a
registered protocol (PROSPERO: CRD42020150013, https://www.
crd.york.ac.uk/prospero/display_record.php?RecordID=150013)

before data extraction commenced.

Risk of bias assessment

The risk of bias for studies incorporated in the systematic review
and meta-analysis was assessed using the Cochrane risk of bias
tool for randomized control trials. The studies were assessed for
the following domains: random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective report-
ing, and other biases. The studies were further judged as ‘low

risk; ‘some concerns, or* high risk’

Data extraction and synthesis
The RevMan 5.4 software (The Cochrane Collaboration, Oxford,
United Kingdom)was used to perform the meta-analysis. The
primary outcome measure was evidence of persistent hyperthy-
roidism after treatment (methimazole and radioiodine therapy in
the experimental arm and radioiodine only in the control arm).
The presence of hyperthyroidism after treatment was considered
a “treatment failure” Hypothyroid or normal thyroid values fol-
lowing treatment were stratified to be under the same class as
“non-hyperthyroid state,” and thus considered a treatment suc-
cess. Thyroid status was determined based on the clinical and
laboratory criteria used for each clinical trial. The secondary out-
come measure was the duration of discontinuation of adjunctive
treatment with methimazole and its effect on the cure rates in
patients with Graves’ disease.

We employed the random-effects meta-analysis model and
inverse variance weighting method. A summary of the interven-
tion effect for each study was provided by calculating the risk ratios

and corresponding 95% confidence intervals (CI) for the main
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dichotomous variables: hyperthyroidism or non-hyperthyroidism.
Heterogeneity was assessed using both the Q test and I-squared
statistics. An I? value greater than 50% was considered indicative
of substantial heterogeneity. Forest plots were generated to evalu-

ate the risk of publication bias.

RESULTS
A total of 378 studies were identified through multiple database

searches. Twenty full-text articles were assessed for eligibility, of

which five randomized control trials were included in the final
qualitative synthesis and meta-analysis. Full-text articles that
were excluded were those with a patient population that had
hyperthyroidism from other causes (n = 1), used other anti-thy-
roid medications (n = 9), and those with continuous treatment
or treatment with methimazole after radioiodine (n = 5). Only
trials that used methimazole as the drug of choice for the ini-
tial medical treatment were selected. The follow-up duration

varied among the eligible studies; thus, studies were analyzed
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Figure 1. The Preferred Reporting Items for Systematic reviews and Meta-Analyses flow chart for study selection.




independently based on the duration of follow-up and evalua-
tion of thyroid status at each visit. This was done to limit hetero-
geneity and incorporate all values into the final data synthesis. In
the final meta-analysis, 289 patients who received methimazole
before radioactive treatment were randomized to the treatment
arm, while 335 were assigned to the control arm and received

radioactive iodine therapy only.

Study characteristics
The clinical trials included in this study were conducted
2), Slovenia (n = 1), and the United States of

2). All included studies were randomized tri-

in Brazil (n

America (n =
als, with the patient population being adults with Graves’
disease. The follow-up duration ranged from 14 days to one
year (Table 1).

Minimal heterogeneity was found in the trials regarding the
diagnostic criteria for hyperthyroidism. All studies utilized clin-
ical assessments, suppressed thyroid stimulating hormone levels,
thyroid hormone levels, 24-hour radioactive iodine uptake, and
antibody levels to diagnose patients. Based on Cochrane’s tool
to assess the risk of bias, there was no study with a high risk of
bias (Table 2). One study had a low risk of bias, while others had
concerns regarding the randomization process and selection of

reported data (Figure 2).

Table 1. Baseline characteristics of participants in included trials

Outcome analysis

Using a random effects model for the meta-analysis, pretreatment
with methimazole in conjunction with radioactive iodine therapy
alone was not associated with an increased risk of persistent hyper-
thyroidism at follow-up in patients with Graves' disease (relative
risk, RR:1.02, 95% CI: 0.62-1.66; P = 0.95). Heterogeneity among
the treatment effects was low (12 = 0%). The funnel plot displayed an
asymmetric distribution (Egger’s t-test = 1.31, P = 0.238) (Figure 3).

Figure 2. Funnel plot of publication bias in selected studies.
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RAI = radioactive iodine; MMZ = methimazole; FT4 = free tyrosine.
Table 2. Risk of bias assessment of included studies
Randomization Deviations Missin Measurement  Selection of
Unique ID Experimental ~ Comparator from intended 9 of the the reported Overall
process X X outcome data
interventions outcome result

Andrade et al.2 RAI+MMZ RAI + + + + ? +
Braga et al.?! RAI+MMZ RAI ? + + ? ? ?
Andrade et al.® RAI+MMZ RAI + + + + ? ?
Burch et al.Z RAI+MMZ RAI + ? + + + ?
Pirnat et al.?* RAI+MMZ RAI ? ? + ? ? ?

+ = Low risk; ? = Some concerns.
RAI = radioactive iodine; MMZ = methimazole.



A subgroup was created based on the interval between the discon-
tinuation of methimazole and radioactive iodine therapy. Subsequently,
a subgroup analysis was performed, which revealed an RR of 1.52
(CI: 0.28-8.18) for studies with a 4-day duration of discontinua-
tion of methimazole before radioactive therapy, while an RR of 1.38
(CI: 0.27-7.16) and 0.85 (CI: 0.28-2.58) was calculated for studies with
6 days and 7 days’ intervals between discontinuation of anti-thyroid
drugs and radioactive treatment, respectively. The combined effect size
for subgroup analysis was 1.38 (CI: 1.07-1.79) (Table 3).

DISCUSSION

Our meta-analysis showed no difference between the risk of per-
sistent hyperthyroidism when radioactive iodine was used in con-
junction with methimazole and when radioactive iodine was used
alone (RR: 1.02, 95% CI: 0.62-1.66; P = 0.95, I* = 0%). Subgroup

analysis based on the duration between discontinuation of

methimazole and the administration of radioactive iodine showed
a lower risk of persistent hyperthyroidism when methimazole was
discontinued within 7 days before radioactive iodine use, although
this did not reach statistical significance (RR: 0.85, CI: 0.28-2.58)

Over the years, there have been debates on the use of anti-thy-
roid drugs in conjunction with radioactive iodine therapy for
the management of hyperthyroidism in Graves’ disease, with the
increasing popularity of adjunctive anti-thyroid medications with
radioactive iodine therapy.® To the best of our knowledge, this is
the first meta-analysis to evaluate the efficacy of treatment with
methimazole before the administration of radioactive iodine ther-
apy inpatients with Graves’ disease.

In our study, we focused on the risk of persistent hyperthyroid-
ism (treatment failure) following adjunctive treatment for Graves’
disease; our analysis showed that the risk was not significant and

was only 1.02 times higher in patients treated with methimazole

Heterogeneity: Tau? = 0.00; Chi? = 5.02, df =7 (P = 0.66); I> = 0%
Test for overall effect: Z = 0.07 (P = 0.94)
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Figure 3. Forest plot of comparison: radioactive iodine + methimazole versus radioactive iodine only; outcome: persistent hyperthyroidism.

Table 3. Subgroup analysis based on interval between discontinuation of methimazole and initiation of radioactive iodine

Study name / Subgroup name Risk ratio Cl lower limit Cl upper limit Weight Q Pq
1 Andrade et al.2 1.38 0.40 4.77 66.25%
2 Andrade et al.?° 1.83 0.32 10.45 33.75%
3 4 days 1.52 0.28 8.18 45.01% 0.07 0.793
4 Braga et al.”! 113 0.07 18.34 28.17%
5 Burch et al.? 1.50 0.26 8.50 71.83%
6 6 days 1.38 0.27 7.16 46.69% 0.03 0.859
7 Pirnat et al.* (12 months) 1.18 0.17 8.25 11.87%
8 Pirnat et al.** (6 months) 2.36 0.61 9.09 22.70%
9 Pirnat et al.** (3 months) 0.51 0.14 1.88 23.73%
10 Pirnat et al.** (1 month) 0.59 0.24 1.47 41.71%
1 7 days 0.85 0.28 2.58 8.30% 3.59 0.309
12 Combined effect size 1.38 1.07 1.79 4.96 0.665

Cl = confidence interval.

0.00%

0.00%

16.46%
0.00%




before radioactive iodine as compared with those who received
radio-iodine therapy alone.

A similar meta-analysis done by Walter et al.*! on a per pro-
tocol basis revealed a summary RR of 1.34 (0.96-1.88; P = 0.09)
for treatment failure with adjunctive anti-thyroid drugs compared
with the control. This study differs from ours in that the authors
evaluated the combined effect of adjunctive anti-thyroid drugs
administered before and after radioactive iodine. In addition,
some studies included in this meta-analysis had patient popula-
tions other than those with Graves’ disease.

While some studies concluded that treatment with anti-thy-
roid drugs during the peri-therapeutic period in patients treated
with P'T reduced the effectiveness of radioiodine, thus leading to
higher treatment failure rates,'®** we can argue that the flawed
methodology and selection bias of some observational studies
could have imposed some limitations.

Crooks et al.”” opined that methimazole has radioprotectant
properties even if discontinued 6 days before administration of
radioactive iodine and that the single dose RAI treatment failure
rate was significantly higher in the group pretreated with methi-
mazole (71%) than in those receiving RAI alone (25%). This cor-
relates with the study by Connell et al.”” which reported a higher
incidence of persistent hyperthyroidism in the group administered
adjunct treatment with carbimazole 46% versus 16% (P < 0.05).
One year after treatment, a similar proportion of each group had
persistent thyrotoxicosis (23% in the pretreated group versus 21%
in the non-pretreated group).

In a retrospective study by Tuttle et al.,** pretreatment with
propylthiouracil was also associated with higher treatment failure
rates. Persistent hyperthyroidism was observed in 4% of patients
(2/48) treated with only RAI and in 34% of patients (13/38) receiv-
ing RAI after pretreatment with propylthiouracil (P = 0.003).
Patients were treated with propylthiouracil for a mean of 151 +32
days.*? Another retrospective study conducted by the authors on a
later date showed that discontinuation of the anti-thyroid drug at
least a week before radioactive iodine was associated with higher
failure rates.”® The effects of propylthiouracil and methimazole/
carbimazole may not be directly comparable, making it difficult
to extrapolate findings from different sources that utilize varying
anti-thyroid medications for adjunctive treatment.

Sabri et al.” conducted a prospective randomized clinical trial
that showed significantly greater success in the group without
carbimazole during radioactive therapy(93% versus 49%, respec-
tively). Stepwise logistic regression demonstrated that the failure
was related to the administration of carbimazole during '*'I ther-
apy (P < 0.005) and the absorbed dose of radioiodine (P < 0.025).
It is interesting to note that in this study, simultaneous administra-
tion of the anti-thyroid drug was the decisive factor for successful

radioactive iodine therapy, as16 patients who discontinued ATD

1-3 days before radioiodine therapy showed a 94% success rate.
Thus, the authors recommended that, if clinically feasible, ATDs
should be discontinued at least a day before the initiation of radio-
iodine treatment.

This is in tandem with the study by Bonnema et al."* which
assessed cure rates in a group receiving continuous methimazole
therapy during and 4 weeks after radioactive iodine therapy ver-
sus a group that discontinued methimazole 8 days before radio-
iodine therapy. Patients receiving continuous methimazole had a
lower cure rate (44%) than those who discontinued methimazole
8 days before radioactive iodine therapy (61%). Pirnat et al.** also
reported similar lower cure rates in patients who were continu-
ously administered methimazole until radioiodine application.

Some studies have advocated adjunctive treatment with ATDs
in conjunction with radioactive iodine. Kung et al.*® studied the use
of a block replacement regimen of methimazole plus L-thyroxine
on the result of radioactive iodine therapy and determined that
persistent hyperthyroidism was found in 38.7% of the patients pre-
treated with methimazole plus L-thyroxine versus 44.5% of those
who were administered radioactive iodine only. In addition, the
time to achieve euthyroidism was earlier with adjunctive treatment
(two versus eight weeks).*

Similar effectiveness and cure rates were observed in patients
pretreated with methimazole compared to non-pretreated
patients in two of the studies included in our meta-analysis.?***
However, Burch et al.”* had the opinion that most patients with
Graves’ disease should not be pretreated with anti-thyroid drugs
before receiving radioiodine, as pretreatment with methima-
zole results in a rapid increase in thyroid hormone levels upon
discontinuation of these medications in preparation for radio-
iodine therapy. This was also supported by an earlier clinical
trial by Andradeet al.**which observed that interruption of
anti-thyroid drugs caused a short-term increase in serum thy-
roid hormone levels in patients with Graves’ hyperthyroidism
receiving radioactive iodine therapy. One year later, the pre-
treated group and those who received radioactive iodine ther-
apy alone were similar in terms of persistent hyperthyroidism
(15.6% in the radioactive iodine group versus 13.8% in the
adjunctive methimazole group).

The 2016 American Thyroid Association guidelines state that
pretreatment with methimazole before radioactive iodine therapy
for Graves’ disease should be considered in patients at increased risk
of complications due to worsening hyperthyroidism, and methi-
mazole should be discontinued 2-3 days before radioactive iodine
therapy.” The subgroup analysis performed in our study with regard
to the interval between stopping ATD and RAI therapy showed
a lower risk ratio with increasing duration of discontinuation of
ATD. The risk ratio was 1.52 (0.28-8.18) for a 4-day interval, 1.38
(0.27-7.16) for a 6-day interval, and 0.85 (0.28-2.58) for a 7-day



interval between discontinuation of methimazole and administra-
tion of radioiodine. This implies that the risk of persistent hyper-
thyroidism is reduced by 15% if pretreatment with methimazole
is administered 7 days before radioiodine therapy, although the
observation was not considered statistically significant.
Publication bias was minimal, as the funnel plot displayed an
asymmetric distribution (Egger’s t-test = 1.31, P = 0.238). There are
significant side-effect profiles of ATDs, with 13% of patients devel-
oping an adverse reaction, as shown in a network meta-analysis
conducted by Sundareshet al.* Liver injury and elevated transam-
inases (worse with propylthiouracil), and dermatologic reactions
are common adverse effects.>* Therefore, the choice of therapy in
Graves’ disease is influenced by many factors and must be tailored
to each patient’s characteristics and needs.*"** Pretreatment may
be considered in patients who require rapid biochemical control

and are at increased risk of thyrotoxic complications.*

Limitations and recommendations

The narrow eligibility criteria of our systematic review resulted in
a small sample size and limited number of studies included in the
final synthesis. This might have reduced the power of the study
and accounted for the statistical insignificance of the results
obtained. The limited number of randomized controlled trials
motivates the essence of conducting well-designed RCTs with a
homogenous disease population (Graves disease) and a larger
sample size to expand the evidence needed to make informed
decisions. The last randomized study reported on this subject was
conducted by Pirnat et al.** over nine years ago.

The only anti-thyroid drug considered in the included trials
for our systematic review was methimazole. This might limit the
translation of our findings with regard to other anti-thyroid med-
ications, such as carbimazole (a precursor of methimazole) and
propylthiouracil. Overall, our study showed minimal statistical
heterogeneity (I*= 0%) for the main outcome measure. We also
included a uniform sample population with Graves® disease only
and ATD (methimazole) utilized. However, the dose of radioactive
iodine utilized (fixed or adapted dose)and the varying duration
of follow-up for the different studies included could be imminent
sources of heterogeneity. Future systematic reviews with a subgroup
analysis evaluating the varying duration of follow-up as it pertains

to persistent hyperthyroidism should be conducted.

CONCLUSION

This study shows that treating patients with an anti-thyroid
medication(methimazole)before utilizing radioactive iodine has
the same treatment failure risk as using radioactive iodine therapy
alone. The use of methimazole before radioactive iodine admin-
istration was not associated with an increased risk of persistent

hyperthyroidism.

Although the treatment failure risks were similar between the
two groups, only the subgroup that discontinued methimazole seven
days before the use of radioactive iodine had a lower risk of per-
sistent hyperthyroidism. Concerns about medication toxicity and
adverse effects should be considered when clinicians make deci-

sions on combining therapies for the treatment of Graves’ disease.

Key implications

« Clinicians who schedule radioactive iodine therapy for Graves’
disease treatment may not need to administer an initial methi-
mazole use to patients, except in cases of increased risk of thy-
rotoxic complications, such as liver injury and dermatological
reactions, which are associated with methimazole use.

o Research institutions should conduct randomized controlled
trials with larger patient cohorts on treatment options for
Graves’ disease to obtain statistically significant results that

aid clinical decisions and improve patient outcomes.
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